proverbial last legs, hanging on for at least 80 years.
There are still fundamental questions that require explanation about the presence and survival of the LHI stick insect on Ball's Pyramid. This islet is a sheer rocky outcrop, that rises to ca. 550m [6] , and is devoid of trees. Moreover, it is separated from LHI by 23 km of open ocean and a 700 m deep trench, and there is no evidence that LHI and Ball's Pyramid have been connected [6, 14] . How this heavily set flightless insect got to Ball's Pyramid is unknown, and a matter of conjecture, with mediation by seabirds, egg rafting and by fishermen (this stick insect was known to be used as bait) suggested [6] . How it survived on such a hostile islet is even more remarkable, seemingly with a highly conserved mitochondrial genome. Considering its very low population size, one would typically expect inbreeding, theoretically leading to a rapid demise of the species. However, as the LHI stick insect is a putative hexaploid, then each individual would possess considerable genetic variability, making the population putatively responsive to the harsh conditions of the islet, a scenario not lost on Mikheyev et al.
Mikheyev et al. have answered the riddle of the identity of the stick insect found on Balls' Pyramid, overcoming some of the conceptual and legislative impediments to its restoration on LHI. It does face additional obstacles, foremost amongst them is the challenge of eradicating the ship rat (and to a lesser extent the house mouse), no small task when considering the altitudinal range and habitat complexity of LHI [15] . There are also other factors to consider, such as cascading impacts [16] and the host plant preferences of the stick insect that need to be met [17] . Obstacles aside, a successful re-establishment of the LHI stick insect will serve as a flagship for invertebrate conservation on a global scale. It can also provide a window into the extraordinary species diversity of LHI, as well as the phylogenetic diversity of many of its taxa, including the LHI stick insect itself [17] . There are over 1,600 species of invertebrates on an island of 14.55 square kilometres, many of which are known from no other place, including species new to science [18] . Hopefully the LHI tree lobster can be restored to its rightful place amongst these other native species of LHI.
The genome sequence and analysis of wheat's progenitor provides a roadmap to enhance genomics-assisted breeding and improvement of modern wheat varieties.
Over the course of the next day, consider how much of the food you eat is derived from wheat. Whether your diet is based on naan, noodles, bread, pasta or ramen, an average human will consume 20% of their calories and many essential nutrients from wheat. Perhaps surprisingly, wheat also provides more protein globally than all types of meat combined [1] . Over the next 50 years, we will need to harvest as much wheat as has been produced since the beginning of agriculture, over 8,000 years ago, to keep up with this demand. However, our current rates of yield improvements are insufficient to meet this goal [2] , and new tools will be needed to achieve increased yield and nutritional value in sustainable production systems. In a recent issue of Science, Avni and colleagues [3] provide one such tool by sequencing and describing the genome of wild emmer wheat, one of modern day wheat's progenitors ( Figure 1 ).
Two major types of wheat are typically consumed and are classified based on their end-use. These are bread wheat, which is also used to make biscuits and noodles, and pasta or durum wheat, which is used to make semolina-based products. Both species are recent polyploids, which has the consequence that most genes in modern wheat are present in either two or three functional copies with sequence homology of over 96% [4] . These two economically important wheat species are also intimately related since they share wild emmer wheat (Triticum turgidum ssp. dicoccoides) as the direct common ancestor of their A and B genome copies ( Figure 1 ). This means that the genome sequence of wild emmer wheat provides a direct template to improve traits in all modern wheat.
To date, sequencing of wheat genomes has been hampered by their polyploid nature, the relatively large genome size (12 and 16 Gb for tetraploid and hexaploid wheat, respectively), and perhaps most importantly by the large proportion of highly repetitive DNA (80-90% of genome). This has meant that short reads have been unable to assemble across the large regions of repetitive DNA, translating into highly fragmented assemblies in previous attempts [5, 6] . However, recent innovations in assembly algorithms [7, 8] , length of highquality reads [9, 10] and the use of chromosome conformation capture sequencing (Hi-C; [11] ) have all aided in significantly improving the assemblies of modern wheat, their progenitors and related species such as barley [7, 9, 10, 12] .
For wild emmer wheat, Avni and colleagues [3] combined short-read technology with improved algorithms, Hi-C and high-density genetic maps to generate a 10.5 Gb genome assembly of wild emmer wheat. Importantly, they also complemented the sequence with a high-quality annotation, which allowed them to position over 62,000 genes along the chromosomes. Structural and functional annotation revealed higher gene density towards distal regions, and an increased density of house-keeping genes in the proximal regions of the chromosomes, consistent with previous work on wheat chromosome 3B [13] . Just over 10% of the genome is still represented in gaps; however, this is expected to be in large part repetitive sequence.
Most importantly, over 96% of scaffolds, representing 10.1 Gb, were anchored to the 14 wild emmer chromosomes. This has immense practical implications for many molecular breeders and researchers who often 'enter' the genome with markers flanking a trait of interest. Before, this has meant that only a handful of sequences could be explored or predicted to be within the region, based on conservation with rice or other syntenic genomes. Now, the contiguity and annotation of the new wild emmer assembly means that users will have unprecedented high-resolution information across physical intervals with a full list of genes in their region of interest. This will significantly accelerate gene cloning projects for useful agronomic traits, especially those coming from wild emmer.
As a proof of concept, Avni et al. [3] use the new genome assembly to understand the genetics underlying the non-shattering spike trait, which distinguishes wild from domesticated emmer wheat. Using a bi-parental population between the sequenced wild emmer accession Zavitan (shattering) and a domesticated durum wheat (nonshattering), they identify two major loci on chromosomes 3A and 3B controlling the non-shattering spike trait. By investigating the annotations across these physical intervals the authors identified the wheat orthologs of the barley Brittle raquis 1 (Btr1) gene which was previously shown to control grain dispersal in this closely related cereal [14] . Analysis of the Btr1 candidate genes in wild emmer and the durum accession showed loss-of-function mutations in domesticated wheat for both the A and B genome copies of Btr1. By inter-crossing the wild emmer functional alleles into domesticated nonshattering durum wheat, the authors recover an intermediate shattering phenotype in an otherwise durum genetic background. Interestingly, all domesticated emmer and durum varieties carry the two homozygous lossof-function alleles, suggesting that both mutations are required to confer the fully non-shattering domesticated phenotype. This provides molecular evidence to the archaeological data [15] , which suggests a prolonged domestication process for the non-shattering trait in wheat as both mutant alleles would have had to be fixed before wheat became fully domesticated. Using exome capture and sequencing, the authors provide a comprehensive catalogue of genetic variation supporting two distinct clusters of diversity for wild emmer wheat. They also identify chromosomal regions associated with possible genetic bottlenecks, including Btr1-A and
Btr1-B.
Wild emmer is currently a hugely important species for wheat breeding, and the release of the wild emmer genome will significantly enhance its use. The fact that wild emmer is closely related to both durum and bread wheat means that crosses can be made directly between these species and that recombination occurs normally. This is not always the case when introducing genetic variation from more distantly related species, such as rye, which exhibit reduced or a lack of recombination with wheat. In practical terms, this often leads to undesirable side-effects due to genes linked to the trait of interest (linkage drag) which precludes their use in commercial breeding programmes. Wild emmer, on the other hand, offers a direct route to introduce variation into modern varieties. Wild emmer has been used previously to introduce specific traits, such as enhanced grain nutritional quality [16] and disease resistance [17] , among others. However, efforts to introduce these traits and identify the underlying genes took decades. Likewise, many important varieties in northern Europe, and elsewhere, have wild emmer introductions within their genome [18] . For example Robigus, a UK variety with wild emmer parentage, is a direct progenitor for over a third of UK varieties released in the past 15 years. Despite this success, it is not possible to recreate the process, given that the exact contribution of wild emmer to Robigus is difficult to determine based on the current genomic data.
The new wild emmer genome will allow a much more comprehensive understanding of how this wild variation has been used within modern breeding programmes. Robigus and other varieties derived from wild emmer will provide useful templates to examine the size, distribution, allelic diversity, and other features of these introductions. Ultimately, understanding these characteristics will be essential not only to exploit additional variation from wild emmer, but also to devise approaches to access variation beyond the immediate gene pool using new mutants [19] and breeding technologies [20] .
